Integron carriage by 36 epidemiologically unrelated Acinetobacter baumannii isolates collected over an 11-year period from patients in six different Italian hospitals was investigated. Sixteen type 1 integron-positive isolates (44%) were found, 13 of which carried the same array of cassettes, i.e., aacC1, orfX, orfX, and aadA1a. As ribotype analysis of the isolates demonstrated a notable genetic diversity, horizontal transfer of the entire integron structure or ancient acquisition was hypothesized.
Clinical isolates of Acinetobacter baumannii are frequently resistant to a wide range of antibiotics (1) , but, compared to other gram-negative bacteria, little is known about the mechanism(s) by which these bacteria acquire resistance genes. Recently, a major role in the dissemination and evolution of antimicrobial resistance in many gram-negative organisms has been attributed to integrons. These are genetic elements consisting of a gene encoding an integrase (intI) flanked by a recombination site, attI, where mobile gene cassettes, mostly containing antibiotic-resistance determinants, can be inserted or excised by a site-specific recombination mechanism catalyzed by the integrase (16) . Different integron types have been recognized on the basis of the sequence of the integrase gene.
The presence of type 1 and type 2 integrons has already been described in members of the genus Acinetobacter of both clinical (2, 6, 8, 9, 14, (17) (18) (19) 23 ) and environmental (13) origin. In particular, epidemic strains of A. baumannii (9) were found to carry these elements with high frequency.
The aim of this study was to evaluate the diffusion of type 1 integrons among clinical isolates of A. baumannii from our country and to carry out a molecular characterization of their gene cassette arrays.
To this purpose, 36 epidemiologically unrelated clinical isolates of A. baumannii collected over an 11-year period from six Italian hospital settings were selected ( Table 1) . The isolate AC-54/97 was already known to carry two type 1 integrons with variable regions of similar size, of which one (In42) had been previously characterized (17) . All isolates were identified by amplified ribosomal DNA restriction analysis (4) and were subjected to ribotyping to investigate their genetic relatedness.
Genomic DNA was extracted (5), digested by SalI, EcoRI, or ClaI (Roche Diagnostics SpA, Monza, Italy), and processed as described by Gerner-Smidt (7). Banding patterns were analyzed by GelComparII software (Applied Maths, Kortrijk, Belgium) with the Dice coefficient for evaluating similarity. Isolates were included in the same ribotype when their similarity coefficient was equal or superior to 0.85.
By combining the results obtained with the three enzymes, all the isolates could be divided into 28 groups, each of them displaying a unique combination of ribotypes (Table 1) . Results of this analysis overall indicated a notable genetic diversity of the selected isolates.
The presence of intI1-related sequences was initially investigated by dot blot hybridization of genomic DNAs with an intI1 digoxigenin-labeled probe that was prepared by amplification of a 250-bp segment of the intI1 gene from plasmid R46 (3, 16) with primers Int2F (11) and Int2R (5Ј-TGGCTTCAG GAGATCGGA-3Ј [this work]).
A positive hybridization signal was obtained with 16 (44%) isolates. The majority of them (12 of 16) were collected during the second half of the considered period (from 1995 on), thus suggesting an increase in the prevalence of integron-positive A. baumannii over time (Table 1) .
To detect inserted gene cassettes, the variable regions of type 1 integrons, carried by the 16 intI1-positive isolates, were amplified with primers 5ЈCS and 3ЈCS, which annealed with the DNA regions flanking the recombination site attI (10) by using the Expand long template PCR system (Roche Diagnostics SpA). A single amplification product of approximately 2.5 kb was obtained from 13 isolates belonging to 10 different ribotype groups; among them, AC-54/97 also gave a second, slightly smaller amplification product, which corresponded to that of the previously characterized In42 (17) (Fig. 1A , Table  1 , and data not shown). Of the remaining intI1-positive isolates, two (of an identical ribotype group) gave an amplifica-tion product of approximately 2.2 kb while one yielded an amplification product of approximately 0.8 kb (Fig. 1A and Table 1 ).
The sequence similarity among the 2.5-kb amplicons obtained from the 13 isolates was investigated by restriction analysis. For AC-54/97, which yielded two amplicons, the restriction profiles of the 2.5-kb amplicon were generated from a product obtained by using pMLR54G, a recombinant plasmid that carries a cloned copy of the corresponding integron, as a template (17) . All amplicons gave identical restriction patterns following digestion with MspI or with AluI and, with either enzyme, the sum of the sizes of the restriction fragments was consistent with the size of the undigested amplicon ( Fig. 1B and data not shown). These results indicated that the variable regions of the integrons carried by the above isolates were identical or very similar.
The nucleotide sequence of the cloned integron from AC-54/97, carried by pMLR54G, was determined with crude PCR products as previously described (17) . Sequence analysis was carried out by the BLAST program (http://www.ncbi.nlm.nih .gov) and revealed the presence of four gene cassettes (Fig. 2) , the first of which contains an aacC1 determinant encoding an AAC(3)-Ia aminoglycoside acetyltransferase (20) . This is followed by two open reading frames (ORFs) coding for unknown products that are carried by two cassettes, in the first of which the ORF overlaps almost entirely with the attC site. The fourth cassette contains an aadA1a determinant encoding an AAD(3Љ)-Ia aminoglycoside adenyltransferase (20) . Identical results were obtained from direct sequencing of the amplicon obtained from isolate 7B. Interestingly, the same array of gene cassettes has been described also as part of a larger variable region contained in type 1 integrons from Klebsiella oxytoca (15) , Salmonella enterica serotype Typhimurium (21, 24) , and Klebsiella pneumoniae (unpublished EMBL/GenBank accession no. AF282595). However, in all those cases, the variable region also contained an additional cassette, with the aacA4 determinant in the first position (Fig. 2 ). An apparently truncated version of the same structure, containing only part of the third and fourth cassette, was recently reported to be present in A. baumannii from South Africa (B. G. Elisha and R. Thomas, 5th Int. Symp. Biol. Acinetobacter, p.14, 2000).
Restriction analysis with MspI and AluI yielded identical patterns, with the 2.2-kb amplicons obtained from isolates 200A and 23B, and, with either enzyme, the sum of the restriction fragments was consistent with the size of the undigested amplicon (Fig. 1B and data not shown) .
Direct sequencing of the amplicon from isolate 200A revealed the presence of three gene cassettes (Fig. 2) , the first containing an aacA4 allele encoding an AAC(6Ј)-Ib aminoglycoside acetyltransferase (20) , the second containing an ORF coding for a yet undetermined product named orfO and found also in other integrons (14) , and the third containing the bla OXA-20 gene (12) .
The same cassette array was found also in type 1 integrons of clinical A. baumannii isolates from France (14) and Spain (unpublished EMBL/GenBank accession no. AY007784,). In the latter case, however, the bla OXA gene, named bla OXA-31 , exhibits some differences and, since the deposited sequence terminates at the end of the third cassette, the presence of additional cassettes cannot be ruled out.
Direct sequencing of the 0.8-kb amplicon obtained from isolate 204A revealed the presence of a single gene cassette that contained an aacA4 allele (Fig. 2) encoding an aminoglycoside 6Ј-N-acetyltransferase AAC(6Ј)-Ib which was identical to that found in the integrons from isolates 200A and 23B.
To investigate the location of the integrons found in this study, Southern blot analysis of the genomic DNAs, either undigested or after digestion with ClaI (which does not cut into intI1), was carried out with the intI1 probe. Results of these experiments revealed the following. (i) Although one or more plasmids were clearly visible after the electrophoretic separation of the genomic DNA of many isolates, in all of them a positive hybridization signal was detectable only in correspondence with undigested chromosomal DNA. On the contrary, the hybridization signal of the control strain Escherichia coli J53/R46 was detected in correspondence to the migration distance of plasmid R46 (data not shown).
(ii) In all isolates, except AC-54/97, a single hybridization band of variable size (Table 1) was observed after digestion with ClaI, suggesting the presence of a single copy of the integrase gene. AC-54/97 yielded two bands, in agreement with previous data indicating the presence of two integrons (17) . (iii) Hybridization bands of isolates belonging to the same ribotype group generally had the same size, thus confirming the genetic relatedness of the isolates within the group; in contrast, isolates belonging to different groups often had different band sizes (Table 1) . Overall, the results obtained from Southern blot analysis are suggestive of the presence of a single integron in all isolates except AC-54/97, and the most likely location of the integrons appears to be the chromosome. The heterogeneity of the hybridization bands obtained following the restriction of genomic DNA with ClaI renders unlikely the hypothesis that the integrons are located on a plasmid comigrating with the chromosome in all isolates.
In conclusion, our study confirms the high prevalence of integrons found in A. baumannii by other authors (14, 19) and indicates that integron structures with the same variable region can be retrieved from genotypically distinguishable strains. In particular, a remarkable number of genotypically different isolates carry a type 1 integron with the same variable region, yielding an amplicon of 2.5 kb. This integron appears to be widely diffused, being present in isolates collected over a long period of time from five of the six Italian hospitals included in this study (Table 1) . A similar finding suggests that horizontal transfer of the entire integron structure could have taken place on different occasions and that, once acquired, the integron was remarkably stable. Strain differentiation may also have occurred after integron acquisition. Interestingly, a very similar integron structure was previously described in Enterobacteriaceae (15, 21, 24) , suggesting interspecies transfer. As the widely diffused integron described in this study is apparently not carried by a plasmid, we do not know at present how it is transferred from one strain to another. Natural transformation, which is known to occur in acinetobacters (22) , could have played a relevant role in this instance.
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